Few investigations have been conducted on risk factors for
In developing countries, the environmental risk factors and routes of transmission for infection are not well defined. Despite the numerous surveillance studies reported, few investigations have been conducted on the source of this parasite in a community where infection is endemic (Chen et al. 1992 , Newman et al. 1993 , Molbak et al. 1994 , Bern et al. 2002 , Redlinger et al. 2002 . There is a case-control study from Guinea-Bissau in which keeping pigs or dogs and storage of cooked food for later consumption were associated to infection (Molbak et al. 1994) . Contamination of water supplies and infection of domestic animals in a Brazilian slum (Newman et al. 1993) , lacking adequate municipal water and sewage services in three Mexican settings (Redlinger et al. 2002) , and using a field rather that a toilet or latrine for defecation in a Peruvian community (Bern et al. 2002) were correlated with a higher risk of cryptosporidiosis.
In Venezuela, it is known that Cryptosporidium infection is common (Perez-Schael et al. 1985 , Chacín-Bonilla et al. 1992 . However, geographic distribution and epidemiologic features of infection in the country are mostly unknown since studies among population-based community are very scarce. Infection rates from 0.6% to 9.9% have been reported from three poor settings (Chacín-Bonilla et al. 1993 , 2000 , Devera et al. 2005 but studies on risk factors and modes of transmission of infection are lacking. The aim of the present report was to assess the prevalence and environmental risk factors for cryptosporidiosis in San Carlos island, Venezuela.
PATIENTS, MATERIALS AND METHODS
Area and population studied -San Carlos (SC) island is located in the state of Zulia, Western Venezuela, at latitude 11º00'N, between longitudes 71º30' and 72º00'W. The climate is tropical with daily temperatures ranging from 23 to 29ºC and annual rainfall from 500 to 1000 mm. The area is divided into six sectors: the urban center named El Pueblo (EP); four periurban settlements, El Caño (EC), Fuego Vivo (FV), Pueblo Nuevo (PN), and San Bernardo (SB); and the rural sector named El Manglar (EM). Most of the households in SB and PN are huts, with zinc, wooden, or rushed walls and roofs, and earthern floors. Residences from the remainder sectors are usually brick constructed with roofs of asbestos.
The island features low socioeconomic status and poor environmental sanitation. Adequate water supply, sewerage, and waste disposal are lacking. Drinking water is supplied by lighter, stored in public tanks, and distributed to households with indoor plumbing. Garbage is burned or thrown away on nearby bushes and can be found deposited in several places. The economy is based upon subsistence fishing. The population consisted of 1339 inhabitants distributed in 280 households at the time of sampling according to the local authorities. A sample of 536 (40%) residents from 84 randomly chosen households from all sectors of the area was selected for the study.
Field procedures and stool examination -A crosssectional stool survey was conducted during the rainy season. The field workers visited each home. The householders were asked to respond to a questionnaire about socioeconomic indicators and potential risk factors for Cryptosporidium, such as type of housing and employment, water source and storage, consumption of uncooked produce, number of residents, sanitary facilities, ownership of animals, soil contact, places where children play. Each individual of the household responded to questions about demographic data, occupation, environmental exposures that could represent risk factors for the parasite, and current or previous two-month diarrheal illness. Feeding modes of infants were recorded.
Fresh single fecal specimens were collected and transported to the health center of SC. The consistency of each specimen was recorded, a portion of each sample was preserved in 10% formalin, and a portion was fixed in polyvinyl alcohol and transported to our laboratory. For identification of Cryptosporidium, modified ZiehlNeelsen carbolfuchsin staining (García et al. 1983 ) was used to examine concentrates of stools fixed in formalin. Each stained smear was microscopically examined at 1000X magnification using an oil-immersion lens, for at least 15 min before it was considered negative. For other parasites, iron-hematoxylin-stained smears (Tompkins & Miller 1947 ) of polyvinyl alcohol fixed specimens and formalin-ether concentrates (Ritchie 1948) were examined.
Statistical analysis -Chi-square and Fisher´s exact tests were used for comparison of proportions, and analysis of variance for comparison of means. The associations between the presence of the infection and age categories, presence of diarrhea, or potential risk factors were assessed by calculating odds ratios and their 95% confidence intervals. Multiple logistic regression was used to test for the simultaneous involvement of several factors that might influence the risk of infection. A value of p < 0.05 was considered significant.
Ethical considerations -The ethical aspects of the study were approved by the Academic Committee of the Postgrado of Inmunología, Facultad de Medicina, Universidad del Zulia. Individual consent was obtained during the households survey before enrollment in the study.
RESULTS
Of the 536 subjects who agreed with the study, 515 (96%) participated in the investigation; 256 (49.7%) were males and 259 (50.3%) were females. The mean age ± SD of the participants was 21.4 ± 17.8 (range, 1 month to 86 years). No statistical difference among mean ages of the residents by sector was found. Infection with Cryptosporidium was common (67 of 515, 13%) and prevalence varied by age ( Table I ). The parasite peaked at ≤ 5 years of age (p < 0.01), was predominant in children, and decreased sharply in adults (60/248, 24.2% versus 7/267, 2.6%; p < 0.001). Most of the subjects positive for Cryptosporidium (56 of 67, 83.6%) were symptomless at the time of sampling or during the preceding two months. The highest prevalence of diarrhea was recorded in the youngest children, with a trend toward lower prevalence with age (p < 0.001); diarrhea was not observed in adults. Of 515 participants, 292 (56.7%) harbored one or more pathogens; Trichuris trichiura (220, 42.7%), Ascaris lumbricoides (210, 40.8%), and Giardia lamblia (132, 25.6%) were highly endemic. Of the 67 patients with cryptosporidiosis, mixed infections with one or more other parasitic pathogens were present in 54 (80.6%). Of 11 children with Cryptosporidium and diarrhea, seven (63.6%) had additional pathogens: three had G. lamblia, three had T. trichiura and two had A. lumbricoides. There were no differences in rates of diarrheal symptoms among children with or without pathogens other than Cryptosporidium (data not included).
Surveys of households showed a low socioeconomic status, i.e. frequent huts (24/84, 28.6%) and small residences of 1-3 rooms (37/84, 44%); crowded living, more than 2 sleepers per bedroom (62/84, 73.8%); poor sanitary conditions, 33.3% (28/84) of the houses lacked safe drinking water and sanitary facilities. Domestic animals, such as dogs, cats, pigs and chickens or any other fowl were present in 54/84 (64.3%) households. SB and PN featured extreme poverty: the proportions of huts and small residences (p < 0.01), the houses without sanitary facilities, with certain area of the backyard for defecation (p < 0.01), indiscriminate defecation in many places of household (p < 0.05) and the houses that used water from dug wells (p < 0.05) were significantly higher than the other sectors that had better living conditions. Among sectors, there were not differences in relation to crowding and presence of animals (data not shown). Among sectors, the prevalence of Cryptosporidium ranged from 2.9% to 29% (Table II) . Residents from SB and PN had significantly higher prevalences of Cryptosporidium (p < 0.001). The parasite also clustered by household; the 67 cases of cryptosporidiosis resided in 30 households. Factors significantly associated with the infection are showed in Table III . Since the pattern of Cryptosporidium infection was similar in SB and PN, the data were combined and compared with the remainder sectors. Variables strongly associated with a higher risk for the infection (p < 0.01) were residing in SB and PN versus other areas, living in a hut or a small residence versus a brick house or a larger house, using an area of backyard rather than a toilet or latrine for defecation, and having contact with soil contaminated with human feces. Crowding (> 2 sleepers per bedroom) was also a risk for infection (p < 0.05). After data was adjusted for age, multivariable backward logistic regression analysis revealed that all these associations remained significant. Infections with T. trichiura and A. lumbricoides also significantly correlated (p < 0.01) with all of these variables (data not shown). The risk for cryptosporidiosis did not differ by household water supply or storage, eating uncooked foods or feeding modes of infants, and having domestic animals.
DISCUSSION
Although underestimation of the prevalence of Cryptosporidium may result from the present data since single stool specimens were examined, it is likely that enhanced sensitivity can be obtained by detection of more lowintensity infections through the examination of concentrated specimens and the spending of enough time in examining each stool sample. Despite this limitation, it is unlikely that our findings reflect a bias in isolation rates for different participant groups and sectors of the area since the same laboratory tests were used for all of them. Other limitations were the lack of molecular analysis for species identification and evaluation of the level of environmental contamination with Cryptosporidium oocysts. Our investigation also had several strengths. It is one of the very few community-based studies of the epidemiology of the parasite in endemic areas (Chen et al. 1992 , Newman et al. 1993 , Molbak et al. 1994 , Bern et al. 2002 , Redlinger et al. 2002 , and the first detailed description of the epidemiology of Cryptosporidium on a community-wide basis in Venezuela; the households of the partici- pants were randomly selected; individuals were chosen regardless of their symptom status; the participation rate of those selected for the study was very high (515/536, 96%) which represented 38.5% (515/1339) of the overall population; this report provides important insights into the epidemiology of cryptosporidiosis. Our findings revealed that Cryptosporidium infection was common in the island (13%). However, this prevalence might shift since the infection may be seasonal (Meinhardt et al. 1996) . The infection rate was higher than those observed in other communities from Venezuela (Chacín-Bonilla et al. 1993 , 2000 , Devera et al. 2005 , Brazil (Weikel et al. 1985) , and Haití (López et al. 2003) . As previously noted, cryptosporidiosis predominated in the ≤ 5 years old children (p < 0.01), the presence of diarrheal illness decreased significantly with age (p < 0.01) and the proportion of asymptomatic cysts passers was remarkable (83.6%). These results confirm that, in endemic areas, most infected subjects are often symptomless (Mathan et al. 1985 , Hojlyng et al. 1986 , Janoff et al. 1990 , Chacín-Bonilla et al. 1993 , 2000 , Esteban et al. 1998 , and younger children tend to suffer the highest rates of infections and the most illness (Reinthaler 1989 , Current & García 1991 , Enriquez et al. 1997 , Agnew et al. 1998 , Bern et al. 2002 , Nuñez et al. 2003 and suggest that immunity to the parasite occurs in this area.
The most striking finding from this investigation is the strong association of Cryptosporidium with environments conducive to human fecal contamination (p < 0.001). Although the level of environmental contamination with Cryptosporidium oocysts was not determined, this result suggests that contact with contaminated soil in the backyards or around homes without sanitary facilities was an important source of infection in this area (p < 0.01). The strong association between contact with feces contaminated-earth and the prevalence of A. lumbricoides and T. trichuris (p < 0.01) indicates that soil is an important source of intestinal parasites in this area. The association of Cryptosporidium with the absence of toilet or latrine in a Peruvian community (Bern et al. 2002) is consistent with our results. One of the most interesting aspects of spread of the parasite in the island was the presence of specific foci of transmission in SB and PN where half of the infections clustered (Table III) ; the magnitude and similarity of the infection in these two sectors were notable (Table II) . Clustering of positive residents within households was apparent as would be expected since transmission of the organism had been unevenly distributed in the population. SB and PN were representative of extreme poverty and are a logical focus for transmission in endemic areas. Their hygienic and sanitary conditions aided in maximizing the exposure to infection. Besides, both sectors are close to the coastal shore where moisture of the soil favours the oocysts viability. Thus, a persistent focus of oocysts near human residences and where children play is likely to increase the rate of spread in these areas. As expected, crowding was associated with a higher risk of cryptosporidiosis (p < 0.05), suggesting that direct fecal-oral transmission is also a route of spread of Cryptosporidium in the area. It appears to be that the most important source of infection in this setting was the environment with the contamination being maximized in areas where more individuals were infected, with the person to person factor playing a less significant role.
Association of cryptosporidiosis with variables related to foods and water could not be established. Although the use of water from dug wells was a proxy for the surrounding environment or the socioeconomic status of people who used it, using water from wells rather than public tanks was not a risk factor. This result might be attributed to the fact that most (84.3%, 434/515) of the inhabitants of SC used water from public tanks, resulting in small expected frequencies for those that used water from wells. Our results are consistent with the lack of correlation between infection and water supply in a shantytown from Perú (Bern et al. 2002) . However, the finding contrasts with the association of infection with contamination of water supply in Brazil (Newman et al. 1993) , lacking adequate municipal water in Mexican settings (Redlinger et al. 2002) and eating stored foods in Guinea Bissau (Molbak et al. 1994) .
None of the factors indicative of zoonotic exposure were associated with the infection, despite large proportion of people documenting animal exposure. This result may be explained by the fact that the animals most frequently associated with zoonotic infections (calves, goats, and sheeps) were absent or rare in this area; there were not calves and only two families in the rural sector had goats and sheep. Our finding is consistent with the lack of association of infection with animals in a study from Perú (Bern et al. 2002) but contrasts with studies from Brazil (Newman et al. 1993 ) and Guinea Bissau (Molbak et al. 1994 ) that suggest domestic animals as a source of infection.
Although this study has limitations, the present results add new insights on the epidemiology of Cryptosporidium. This investigation demonstrates that contact with human feces contaminated-soil may be an important mode of transmission for infection in endemic areas. The results indicate higher prevalence rates related to poverty and low standards of hygiene and show that cryptosporidiosis, as other communicable infections, affects families living in substandard housing developments. The spread of the infection in the island and its focality in SB and PN indicate that patterns of transmission can be different in areas that are located close to each other.
In conclusion, cryptosporidiosis is a health problem in SC island related to extreme poverty, poor environmental sanitation, and crowding which facilitate fecal-oral transmission. This study is the first evidence for human feces contaminated-soil as an important risk and poverty as a predisposing factor for infection. Although these results can not be generalized, they clearly indicate that living conditions should be improved to avoid such widespread of the infection.
